1D and 2D experiments
set up by NMR

by thix% (Y.F)
GRC NMR Core Facility



Experiments set up in GRC

# 1D HNMR

* 1D 13C NMR

* 2D homonuclear NMR
# 2D heteronuclear NMR

% Measurement of coupling constants
* DOSY



1. 1ID'HNMR
* IHNMR (- 8§ %39 %)

IGRC 1D 1IH
1GRC_1D_1H-homodecouple

* Solvent Suppression (i3 &% R +| 7 %)
1IGRC_1D_1H-zgpr
1GRC_1D_1H-zgceppr
Multiple Solvent Suppression

# Selective Excitation (GE # (258 7 %)
sel COSY
sel TOCSY
sel NOESY —> Button NMR set up
sel ROESY
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1.1.1 tHNMR

¥ Anisotropy effect v §

/ Oing 2 7-27-6.95 ppm
CO Ope 2 -0.51 ppm

- 8.14-8.64 ppm doutsipe 2 9-28 ppm

8ring




1.2 Solvent Suppression
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1.3 Multiple Solvent Suppression
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1.9 1D Selective Excitation

* COSY, TOCSY, NOESY, ROESYw & ¥ %
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1.5.2 1D Selective TOCSY
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2. 1D BC NMR

* IBC NMR (- 488k 3% 7 %)
IGRC_1D_13C

1GRC_1D_13C-without decouple
IGRC_1D _13Cint

* Distortionless Enhancement by
Polarization Transfer (F 4 & 2.5 #k)

1IGRC_ID_DPET45
IGRC_ID_DEPT90
IGRC_ID_DEPTI35




2.1 BCNMR
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2.3 BC{{H} NMR
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2.4 Inverse Gated Decoupling
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2.9.1 DEPT

Distortionless Enhancement by Polarization T'ransfer
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2.5.2 DEPT 1GRC_1D_DEPT45
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3. 2D homonuclear NMR

® COSY
1GRC_2D_COSY45

1IGRC_2D_COSY90
1IGRC_2D_COSY-suppression

o DQF-COSY
1GRC_2D_COSY-DQF
1GRC_2D_COSY-DQF-suppressin

o TOCSY
IGRC_2ZD_TOCSY _dipsi
1GRC_2D_TOCSY-mlev
IGRC_2D_TOCSY-mlevg
1IGRC_2D_TOCSY-suppression

# NOESY
1GRC_2D_NOESY

IGRC_2D_NOESYg
1IGRC_2ZD_NOESY-suppression

* ROESY
IGRC_2D_ROESY

IGRC_2D_ROESYg
1IGRC_2ZD_ROESY-suppression

#*: INADEQUATE

IGRC_ZD_INADEQUATE



3.1 2D homonuclear COSY

= COSY
(Correlation Spectroscopy)
E 32 4302 M




COSY : ;
3 4 5
IGRC 2D COSY90 AU W ppm
— b & |
_—1.0
5 = « ,&‘t; & i
4 g «— 0 & —1.5
° -2.0
0 25
A ‘
{29 7% 3.0
n-butyl acetate _
3.5
J—=| « = = -4.0
T T T T T I I _ 45

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm



COSY90

X M A
1GRC_2D_COSY90 |

ppm

-3.5

=36

= — o8 8 —37

-3.8

— i TR T

X
o

Br

Q
O
a

- 4.1

W—0—
—

>r—a—1Z

- 4.2

- 4.3

2.3-dibromo-
propionic acid é 58

- 4.4

H ; H 94
¢ 8 3588

- 4.5
- 4.6

- 4.7

""""" ||||||||||||| 4.8
48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 ppm



COSY49

IGRC_2D_COSY45

ppm
T A3)E)E EM G
-3.6
M X —% “” :,: O... 37
H H O ‘k 5 -
.
T L L L °0 ° o0 E
| — ;;\':': ! S 3.9
H Br
A —4.0
2,3-dibromo- 4.1
propionic acid 40
§—4.3
(a)v1c1n=ill spin-spin 4.4
coupling (*J) é o 0, i
o O 0 45
(b)geminal spin-spin
. 2 —4.6
coupling (%J) 5
-4.7
""""" ||||||||||||| 4.8
48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 ppm
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3.2 2D homonuclear TOCSY

#» TOCSY

('Total Correlation Spectroscopy)
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3.3 2D homonuclear NOESY ROESY

»* NOESY

(Nuclear Overhauser Effect Spectroscopy)

* ROESY
(Rotating-frame Overhauser Effect SpectroscopY)
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NOESY
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3.4 2D homonuclear 13C

#» INADEQUATE
(Incredible Natural Abundance Double Quantum Transfer
Experiment Spectroscopy)
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4. 2D heteronuclear NMR

* HMQC
1IGRC_2D_HMQC
1GRC_2D_HMQCs

o HSQC
IGRC_2D_HSQC
IGRC_2D_HSQC-echo
IGRC_2D_HSQC-suppression

o H2BC

IGRC_2D_H2BC

# HMBC
1IGRC_2D_HMBC
1IGRC_2D_HMBC-suppression

# CIGAR-HMBC

IGRC_2D_HMBC-CIGAR



4.1 2D heteronuclear N\MR

#» HMQC
(Heteronuclear Multiple Quantum Correlation)
E 7 W g2 B %
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4.2 2D heteronuclear NMR

* HSQC

(Heteronuclear Single Quantum Correlation)
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4.3 2D heteronuclear NMR

» H2BC

E B2 g2 M %

B8%ol
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4.4 2D heteronuclear NMR

» HMBC
(Heteronuclear Multiple Bond Correlation)
g2 M % (n>2)

» CIGAR-HMBC
(Constant Time Inverse-detected Gradient Accordion
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CIGAR-HMBC
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9. Measurement of coupling
constants

* Homonuclear J-resolved
IGRC 2D Jres

@ Heteronuclear J-resolved

IGRC 2D HJres
IGRC 2D sel.HJres
1IGRC_2D_no decouple HSQC
IGRC 2D HETLOC
IGRC 2D HSQC-HECADE
1GRC_2D_ps-HMBC

IGRC 2D G-BIRD-HSQMBC



9.1 Measurement of coupling constants

- homonuclear J-resolved
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homonuclear J-resolved v "

IGRC 2D Jres

X
H

O

Br

|
T
Br

>o—a—rZ

2,3-dibromo-
propionic acid

P!
@]
a

) I
_
0
| o
¢ - b
] @
0
0

47 46 45 44 43 42 41 40 39 38 3.7 3.6 35




9.2 Measurement of coupling constants

@ heteronuclear J-resolved
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heteronuclear J-resolved 11
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9.8 Measurement of coupling constants

o- no decoupling HSQC
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9.4 Measurement of coupling constants

# HETLOC
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9.9 Measurement of coupling constants

# HSQC-HECADE
(HSQC-H Eteronuclear Couplings from ASSCI-Domain
Experiments with E.COSY-Type Cross Peaks)
EEgnc=® & % #&m=1)

wdd D¢,

13c | 1
CA ‘]HA-CA




HSQC-HECADE
1IGRC_2D_HSQC-HECADE l?’ 1L ij om

N
" ot ' - 10
¢ ! J LI I | :
' (O I :
5 1 ] —20
| " ' :
| 1 TR
A 30
' I
O
)J\ 3 5 - 40
1 4 6 :
—50
n-butyl acetate 3
: - slice A
v — [ ;_(')U P>
) 3 :
W. Kozminski & D. Nanz, J. ¢ —— 70 1 O
Magn. Reson. 142, 294-299 5 slice B
(2000) L e B I B O B S B BN

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm



HSQC-HECADE
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3.8 Sel heteronuclear J-resolved
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6. DOSY (Diffusion-Ordered SpectrocopY)
GRac & k)

¢ DOSY experiment: % 42 &% % $ kP
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6.1 DOSY experiment

_logD

n:l/ _________________________________________

n:O/

Hzo\ ________________________________________ { ________________________________ :

e

CD3CN 5| oommm e Joeeeeeeeeans

— -9.05
— -9.00
— -8.95
— -8.90
— -8.85
— -8.80
— -8.75
— -8.70
— -8.65
- -8.60

- -8.55

— -8.50

ppm

Slow

Fast



¢- Other useful experiments

¥ Selective - Selective Excitation

sel_COSY - NOESY
sel_TOCSY -TOCSY
sel_"TOCSY - NOESY
sel_TOCSY - ROESY
sel_NOESY -TOCSY
sel_ROESY -TOCSY
sel_NOESY - NOESY



ic lle \ 4c - 1D TOCSY-NOESY

1c 3c
b e, 1D TOCSY
HOD
1a 1b : ; ;
1c 14 1e selective excitation
= M
| | 1 T | T I T | T | T | T I [] I 1
5.0 4.8 4.8 4.4 4.2 4.0 3.8 3.8 pDm

FIG. 5. Illustration of the 1D ge-TOCSY —NOESY technique on polysaccharide 3. (a) 'H spectrum of 3, NT = 4; (b) 1D ge-TOCSY spectrum of
3, NT = 8; H-lc was selectively excited by a 57 ms half-Gaussian pulse, the mixing time was 57.5 ms, and the & delay was 288 ms; (¢) 1D ge-
TOCSY —NOESY spectrum (NT = 64) of 3 acquired using the pulse sequence of Fig. le. Selective pulses preceding the TOCSY and the NOESY
periods were half-Gaussian pulses ot 57 and 43.5 ms applied to H-1c¢ and H-3c¢ protons, respectively. Mixing times were 57.5 ms for the TOCSY and

250 ms for the NOESY transfer; the 6 delay was 28.8 ms . A partial structure ol 3 is given in the inset with TOCSY and NOESY pathways indicated
by solid and dotted lines, respectively.

Uhrin, D.; Barlow, P. N. J. Magn. Reson. 1997, 126, 248-255.



FIG. 6.

1D NOESY-TOCSY

O %
\ H :

1D NOESY

HOD
1a 1b ) o
lc 1d le selective excitation
a J\ oy,
T T T T T T I T I T T T I T T T T 1
5.0 4.8 4.8 4.4 4.2 4.0 3.8 3.6 Ppm

TMustration of the 11D ge-NOESY-TOCSY technique on compound 3. (a) ' spectrum of 3, NT = 4; (b) 1D ge-NOESY spectrum of 3
(NT = 16); H-1d was selectively excited by a 57 ms half-Gaussian pulse; the mixing time was 250 ms. (¢) 1D ge-NOESY-TOCSY spectrum (NT =
128) of 3 acquired using the pulse sequence of Fig. 1f. Selective pulses preceding the TOCSY and the NOESY period were half-Gaussian pulses of 57
and 43.5 ms applied to H-1d and H-5d protons, respectively. Mixing times were 250 ms for the NOESY and 48 ms for the TOCSY transfer; the & delay
was 24 ms. A partial structure of 3 is given in the inset with NOESY and TOCSY transfers indicated by dotted and solid lines, respectively.

Uhrin, D.; Barlow, P. N. J. Magn. Reson. 1997, 126, 248-255.



Learning NMR

Reference :
% NMR Guide

#: The Hebrew University of Jerusalem
(http://chem.ch.huji.ac.il/nmr)

®: Michigan State University
(http://www.cem.msu.edu/~reusch/VirtualText
/Spectrpy/nmr/nmrl.htm)

-o- Department of Chemistry, Queen's University
(http://www.chem.queensu.ca/FACILITIES/
NMR/nmr/webcourse/Flash/HX-coupling.swf)



http://chem.ch.huji.ac.il/nmr
http://www.cem.msu.edu/~reusch/VirtualText/Spectrpy/nmr/nmr1.htm
http://www.cem.msu.edu/~reusch/VirtualText/Spectrpy/nmr/nmr1.htm
http://www.chem.queensu.ca/FACILITIES/NMR/nmr/webcourse/Flash/HX-coupling.swf
http://www.chem.queensu.ca/FACILITIES/NMR/nmr/webcourse/Flash/HX-coupling.swf

# L.

i fe EE v 8 =4 & F 2 4% &
1H 1/2 15~-2 Si(CHz3)4
eLi 1 5~-10 LiCl in H20
7Li 312 5~-10 LiCl in H20
13C 1/2 250 ~-20 Si(CH3)4
15N 1/2 1200 ~ -500 CH3NO2
170 5/2 1800 ~ -100 H20
19F 1/2 100 ~-300 CFCls

23Na 3/2 10 ~-80 NaCl in H20
27Al 5/2 300 ~-300 [Al(H20)s]3+
29Si 1/2 100 ~ -400 Si(CHz3)4
31P 1/2 500 ~-500 HsPO4
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